Chronic alcohol consumption has emerged as a leading cause of metabolic derangement in susceptible cohorts worldwide; ethanol has a high calorific value and excessive intake interferes with energy metabolism. It has a very high glycemic index, so the glucose homeostasis does not follow the normal physiological regulations in chronic consumption of ethanol. Chronic alcohol consumption is a global concern for its health issues. The detailed mechanism of alcohol-associated organ damage and health anomalies has been reviewed here. Almost all of its metabolic fates has minor to major impacts on any physiological process. The main rate-limiting markers of glucose homeostasis, i.e. NADH/NAD+ and ATP/ADP, are physiologically misjudged in ethanol consumption; as a result, excess acetoacetyl CoA becomes engaged in ketone body formation resulting in ketoacidosis. Ethanol induced ROS production and antioxidant depletion resulting in necrotic tissue damage especially in the stomach, intestine epithelial cells, and liver. Increased oxidative stress causes vascular dysfunction, NO deregulation, peripheral vascular resistance, increased blood pressure, and aldosterone-induced hypertension. Ethanol manipulates intracellular phosphorylation regulations by influencing MAPK and inflammatory molecule, like TNFa and IL-6, and transcriptional stress factor like NF-κβ, Nrf-2, and Hif-α via redox signalling. Activation of lipogenic factors and PPAR signalling drastically increase body fat accumulation. Direct damage to the pancreatic cells generates insulin resistance. Synergistic effects of several metabolic malfunctioning develop insulin resistance, chronic hyperglycaemia, and abnormal fat accumulation.
Introduction
Chronic alcohol consumption is the principle risk factor of many diseases. Chronic to moderate alcohol ingestions are the leading causes of multiple organ damage with alcoholic liver disease (ADH), pancreatitis, hypertension, alcoholic ketoacidosis, and most commonly hyperglycaemia. Heavy alcohol consumption disrupts the glucose homeostasis and induces the development of insulin resistance [1] . Some experimental studies show that the sensible alcohol ingestion helps decrease the diabetic risk where heavy alcohol use elevates the risk of mainly diabetes type 2 with diminution of glycaemic control [2] . Ketoacidosis is one of the common occurrences in chronic diabetic patient as well as in chronic alcoholconsuming individuals. Previously, it was reported that only alcohol can induce ketoacidosis in the absence of diabetes mellitus [3] . The global death rate increased by 30% in the last 20 years due to alcohol consumption. Fifteen people per day or one individual in 96 min die only because of alcohol consumption. According to the editorial data, the global percapita consumption increased from 5.5 l in 2005 to 6.4 l in 2016 and elevated the death rate to more than 3 million people globally in 2016 because of alcohol. The unhealthy sedentary life style gives a negative impact on insulin resistance as well as hyperglycaemia worldwide, because different information suggest that alcohol is one of the high-calorie drinks which mainly affects liver, stomach, and pancreas. enzymatic activities like alcohol dehydrogenase (ADH), catalase, CYP450E21 in cytosol, peroxisome, and microsome respectively. In these enzymes, alcohol dehydrogenase is the principal enzyme that is secreted from liver in full-stomach condition. But in fasting condition, alcohol metabolism stops due to lack of enzymatic association and that alcohol is absorbed through duodenum. As a result, alcohol concentration is elevated significantly in circulation and remains in the blood for a long time. The equilibrium of alcohol concentration in a tissue decreases the water content in the tissues. The concentration of ethanol of a tissue is mainly reliant on the relative water content of this particular tissue and arrives to equilibrium within a very short time making high concentration of ethanol in plasma. This high-caloric drink contributes an abundant level of energy molecule (ATP). Only one molecule ethanol can be able to produce approximately 25 ATPs by ADH as well as TCA cycle-dependent oxidation process. The unwanted production of ATP gives a negative feedback to the TCA cycle. As a result, acetyl CoA productions significantly increase with the increase of alcohol metabolism. Acetyl CoA is also produced due to free fatty acid oxidation which leads to ketogenesis. Two molecules of acetyl CoA generate acetoacetate by bond formation and reduce hydrogen ions. This newly generated acetoacetate predominantly reduces βhydroxybutyrate to acetone through decarboxylation of βhydroxybutyrate (BHOB) [4] . Consequently, the NADH/NAD+ ratio is altered significantly and promotes the alcoholic ketoacidosis (KAD). The acetone and its different metabolites are held to induce alcoholic ketoacidosis [5] . Alcohol induces diabetic condition in which normal blood glucose is elevated by blocking the glucose metabolism (glycolysis) as well as the normal metabolic process like glycogen synthesis and impaired gluconeogenesis from the metabolism of lactate, glycerol, and amino acids. So, glucose remains in the blood due to the lack of absorption. High glucose level is recognized by the sensitive cells that release insulin, but due to the impairment of glycolysis, both glucose and insulin remain in the circulation which induces insulin resistance. A sustained effect of this state develops chronic hyperglycaemia. Excessive alcohol metabolism promotes high amount of ROS and NAD(P)H oxidase activation which is the main precursor of endothelial cells and smooth muscle cells which leads to vascular dysfunction. Over-production of ROS also impairs the ratio of NADP/NAD+ which is the leading cause of mitochondrial dysfunction and damage of pancreatic β cells. Sometimes, acute alcohol consumption promotes hyperglycaemia by alcoholic intoxication. Hyperglycaemia can alter the hormonal imbalance by decreasing insulin production and increasing cortisol, adrenaline, and glucagon production. By stopping glycolysis, the cell develops starvation condition in the course of time and promotes the release of cortisol and growth hormone [6] . Inductions of these hormones induce the release of free fatty acids form triglycerides and deposit it in adipose tissue which leads to obesity as well as hyperglycaemia.
Alcohol Induction of ROS Production
A large volume of ethanol metabolism may have direct effect on antioxidant defence system. Some experimental evidence proved that ethanol consumption elevates the superoxide dismutase (SOD) and catalase (CAT) activities in a time-and dose-dependent manner [7] . The antioxidant enzymes and other molecules are the first-line defence against ROS. In every tissue including liver, pancreas, and endothelium, the enzymatic antioxidant system predominantly builds up with superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and other molecules like thioredoxin, glutaredoxin, ascorbate, tocopherol, glutathione, and uric acid [8, 9] . The experimental model reveals that the SOD activity is increased in ethanol-treated rat liver tissue. This activity is modulated by a large amount of ROS and lipid peroxidation products [10] [11] [12] . Another study suggests that chronic alcohol treatment increased CAT and GPX activities, and impaired the glutathione redox cycle and cellular GSH level [12] . One report demonstrated that chronic alcohol consumption decreased both cytosolic Cu-Zn SOD and mitochondrial Mn SOD activity in plasma, which introduced more ROS generation. As a result, the superoxide ions were significantly high due to antioxidant enzyme inhibition. The superoxide ions are able to interact with NO (nitric oxide) to form peroxynitrate which has a wider range of free radical potentials [13] . So, in summary, ethanol performs as an oxidative stress inducer which is the principal cause of hypertension. The increased oxidative stress induced by ethanol is associated with endothelial dysfunction and vascular inflammation, and induces vascular reactivity. This is the direct and indirect cause of the increase of the vascular-peripheral resistance resulting in elevation of the blood pressure.
Alcohol-Induced Hypertension
Ethanol can induce hypertension through a different way, by affecting renin-angiotensin-aldosterone hormonal axis (RAAS), by decreasing NO availability, and by reducing calcium ion channel permeability. There are some contrasting reports on alcohol consumption and plasma renin level. It is reported that heavy to mild or moderate alcohol consumption may significantly elevate the plasma renin activity [14] [15] [16] . Other reports found no significant changes [17, 18] . On the other hand, a different study demonstrated that systolic blood pressure significantly elevated in alcohol-treated rat because of an increase in extracellular fluid [19, 20] . Report reveals that plasma vasopressin and renin level are simultaneously increased after alcohol consumption. This phenomenon further may cause increment of extracellular fluid and lead to sympathetic stimulation [19] . Ethanol can increase angiotensin II level in experimental animal model [21, 22] . One study proposed that angiotensin-converting enzyme (ACE) activity increased in alcoholics. This suggests that the level of angiotensin II elevated due to the activation of ACE [23] . This mechanism strongly proposes that alcohol can disrupt the normal RAAS activity and can induce hypertension [24] (Fig. 1) .
In 1980, Fuchgatt et al. [25] revealed that endothelial cells generate an endothelium-derived relaxing factor (EDRF) in repercussion by acetylcholine. In 1987, Plamer et al. [26] and Ignarro et al. [27] identified EDRF as NO, a free radical which diffuses underlying SMC (smooth muscle cells) to initiate vasodilatation. NO is an important molecule which maintains vascular tone. Studies on experimental animal model suggest that ethanol may impair NO-mediated vasodilatation [28] . NO is generated from arginine by an enzyme nitric oxide synthase (NOS). There are three different isomers involved to form NO such as normal NOS (nNOS/NOS1), inducible NOS (iNOS/NOS2), and endothelial NOS (eNOS/NOS3) [29] . Ethanol plays a negative effect on these different isomers in a variety of cells and tissues. A report revealed that chronic ethanol ingestion reduced the vascular expression of eNOS in female rats [30] . On the other hand, Krecsmaric et al. [31] demonstrated the impairment in nNOS activity in gastrointestinal tract due to chronic ethanol consumption. Moreover, the ethanol affects dose dependently on endothelin NO availability. Taken together, it can be concluded that ethanol decisively interfered with NO metabolism via NOS impairment. Biphasic activities of ethanol are observed: when a low level of ethanol is NO stimulating, high dose is NO inhibiting [32] .
Ethanol is reported to elevate the blood angiotensin II level. Both endothelin 1 and 2 are strong vasoconstrictors which increased due to ethanol toxicity. Angiotensin II induces superoxide production by the activation of NADPH oxidase which is able to bind with AT1 receptors [33, 34] . Due to the induction of superoxide production, the eNOS is inactivated and the NO production significantly decreased. The diminished NO production gives a positive induction for peroxynitrite radical generation [35] or oxidative inactivation of eNOS by ethanol-induced free radicals [36] [37] [38] . This explanation may justify that chronic to moderate ethanol consumption can induce hypertension via the increase of angiotensin II levels and NADPH oxidase function. This generates a series of adverse effect like depletion of antioxidants, Fig. 1 Alcohol-induced hypertension downregulation of endothelial NO-generation system, and impairment of vascular relaxation and endothelial injury [13, 23, 36, [39] [40] [41] [42] .
Alterations of Transcription Signalling due to Ethanol Toxicity and Induction of Hyperglycaemia
The transcription factor is a regulatory protein which takes a vital role in gene expression. They control the efficiency of the gene expression machinery after binding with the specific location of the corresponding DNA part. Several types of transcription factors are present in the eukaryotic cell, such as MAPK, JNK-ERK, AP1, NF-κβ, JAK-STAT, NrF2, HIF, PPAR, and SREBP. Alcohol and its metabolites can initiate the activation of some transcription factors and alter the mechanism of normal cells. For example, ROS activate lipogenic factors which further activate the gene for lipid biosynthesis and generate a metabolic status known as hypostatises. As a consequence, the insulin receptors on the hepatocytes are damaged by lipid depositions in this tissue. ROS production is a common feature of alcohol toxicity. Fatty liver is also a common toxicity effect of alcohol consumption. This disease is initiated by the activation of two key lipogenic transcription factors, such as sterol regulatory element binding protein (SREBP) and peroxisome proliferator activated receptors (PPARs). The increased ROS also activate some protective transcription factors like NrF2 and HIF. A report reveals that aldehyde modifies the protein of the tissue which acts like antigen inviting autoimmune response. Lipopolysaccharides (LPS) of Gram-negative bacteria incite especially in liver and pancreatic macrophages, Kupffer cells, and activated stellate cells (PSCs) respectively. Macrophages are recruited by cytokines like tumour necrosis factors (TNF-α) and interleukin 1β (IL-1β), IL-6, IL-8, and IL-12 in hepatic and pancreatic cells. On the other hand, metabolic activation of ROS and augmented TNF-α and IL-1β can activate the NF-κα transcription factors and IL6-induced JAK1/2-STAT1/3 transcription factors [43] .
Pancreatitis is an additional cause of hyperglycaemia. Pancreatitis is the inflammation of the pancreas which occurred due to the blocking of pancreatic duct, acute and chronic alcohol consumption, smoking, and mutation in tyrosine kinase receptors. Acute and chronic alcoholism induces various inflammation and proinflammatory molecule (discussed in the previous paragraph) as well as activates pancreatic stellate cells (PSCs) which block the insulin-signalling and promote β cell destruction. Alcohol triggers damage in normal acinar cells of pancreas which recruits the macrophages and neutrophils by the help of TNF-α, IL-6, and TGF-β secretion. Interestingly, PSCs play a crucial role in tissue damage by producing TGF-β which can regulate activation and proliferation of PSCs in autocrine manner by different transcriptional factor namely SMAD and ERK pathways [44, 45] . These inflammatory molecules also damage acinar cells and activate the PSCs which induce large number of inflammatory and proinflammatory molecules. Some experiment shows that TGF-β can induce MAPK and phosphoinositide (PI) 3-kinase route independently without the help of SMAD signalling pathways, but the detailed mechanism is obscure [46] [47] [48] . The activated PSCs induce pancreatic fibrosis and promote loss of β cell by apoptotic pathway. MAPK is an important pathway which plays a critical role in cell survival, cell proliferation, apoptosis, and cytokine production like most important cellular processes [49] . Acetaldehyde, the metabolite of alcohol, induces activator protein-1 (AP-1) through MAPK pathways [50, 51] (Fig. 2) .
These receptors are mainly tyrosine receptors except TGF-β, which activate MAPK pathways and initiate JNK-NF-κβ as well as ERK-AP1 pathways. As a result, this series of phenomenon lead to inflammation and cellular apoptosis. On the other hand, TNF-α can induce the NF-κβ-mediated inflammatory pathways and suppress the PI3K-mediated ATK-mTOR pathways, which is responsible for glucose metabolism. Due to the erroneous phosphorylation of IRS-1, glucose absorption by cells is significantly decreased and glucose remains in circulation and metabolised through the hexasamin pathway, which further induce more problems. The inflammatory molecules like IL-6 induce JAK 1/2 -STAT 1/3 signalling pathways which aid to fibrosis as well as pancreatitis [52] . Due to the pancreatic fibrosis and blocking of glucose homeostasis, alcohol promotes hyperglycaemia by decreasing insulin production from the β cells of the islet of Langerhans (Fig. 3) .
Some extensive epidemiological studies (with a high sample size) demonstrated diversified effects of alcohol consumption. Different mechanistic layouts and therapeutic/ management strategies have some relevance for this discussion. A report reveals that up to moderate alcohol intake may decrease the incidence of diabetes. Nevertheless, reduction in the risks of cardiovascular complication is noticed in diabetic people who consume low amount of alcohol. In this regard, gender and body mass index become important factors for the outcomes [53] . A large number of participants and cases of type 2 diabetes have been screened and noticed that intake with > 63 g/day of alcohol increases the incidence of complications and vascular anomalies [54] . Epidemiological data from an extensive analysis suggests that alcohol consumption in addition to smoking may increase the incidence of insulin resistance and permanent type 2 diabetes [55] . For better extrapolation of the epidemiological data, comparison should be made with age-matched, disease-free controls of the same ethnic population so as to generate diverse genetic landscapes [56] . Psychological conditions have been found to be directly less associated with the diabetic complications, but if these conditions lead the consumptions of alcohol with increasing frequencies, then insulin resistance develops at increasing rate [57] .
In search for the molecular mechanism, it can be explained that various types and degrees of pathophysiological conditions in the liver tissues develop in response to chronic alcohol consumption which attribute to abnormal glucose homeostasis. In alcoholic hepatic steatosis (AHS), lipolysis in adipose tissue, increased ROS production, and cellular proliferative/ necrotic changes resulted in metabolic deregulations and altered circulating insulin and ghrelin levels. Synergism of these events initiates hyperglycaemic condition [58] . A small circulating protein dermcidin has been demonstrated to induce insulin resistance in different stressful conditions, which has great implications in impaired hepatic insulin synthesis and GLUT-4 expression [59, 60] . Ethyl alcohol exposure in mitochondrial aldehyde dehydrogenase-2 KO mice reduced left ventricular ejection fraction and increased myocardial fibrosis. This condition also increased excessive ROS accumulation in the cardiac tissues resulting in the high rate of myocyte deaths. Further, increased caspase activation and RIP1/RIP3/MLKL cascade have been associated to this apoptotic cell death. The indispensable nature of ALDH2 was found to be favourable during cardiac events in moderate alcohol consumption [61] . Common metabolic deregulations may develop diabetic conditions. As for example, bile acids are shown to be associated with three risk factors of insulin resistance, pancreatic cancer, and obesity-linked pathophysiology. Hypertriglyceridemia and high cholesterol may be the result of hepatic metabolic disorder which may cause diabetes or may be caused due to diabetes. Uncontrolled alcohol consumption causes hepatic Fig. 3 Transcriptional regulation induced hyperglycaemia due to alcohol toxicity cellular desecration and bile acid deregulations [62] . Specifically in pancreatic cancer, immune-suppressive signals result in deactivation of the antitumor T cell responses. The consequence is the more pancreatic cell deaths which causes type 1 diabetes [63] . The result demonstrates that alcoholinduced ROS and altered glucose metabolism develop alcoholic cardiomyopathy. Different metabolic deregulations could be normalized by Mn (111) tetrakis 1-methyl 4pyridylporphyrin pentachloride (MnTMPyP) treatment. In addition, this drug significantly improves the health of the cardiac cells. The mechanism has demonstrated that chronic alcohol exposure enhanced the expression of proteins regulating fatty acid uptake. In contrast, it impaired the expression of proteins involved in mitochondrial fatty acid oxidation. These faulty events led the cardiac tissues to undergo hypometabolic state with suboptimal energy source, glucose [64] . Obesity and high-fat accumulation are the direct effects generated in chronic alcohol consumption. Hepatocyte-specific over-expression of β-arrestin 2 significantly reduced hepatic GCGR signalling. Consequently, experimental mice remain protected against the metabolic deficits caused by the consumption of a high-fat diet and extra fat accumulation. So, augmentation of the expression of the β-arrestin 2 activity could be therapeutically beneficial [65] .
